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[57] ABSTRACT

A warning apparatus for a vehicle generates a warning
for a driver of the vehicle when the separation between
the vehicle and an obstacle located in front of the vehi-
cle falls below a prescribed value. The prescribed value
1s varied 1n accordance with changes in the physical or
mental state of the driver of the vehicle, environmental
conditions, or the driving characteristics of the driver
and thereby adjust to changes in the driver’s reaction
time and the stopping distance of the vehicle.

8 Claims, 7 Drawing Sheets
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1
WARNING APPARATUS FOR A VEHICLE

BACKGROUND OF THE INVENTION

This invention relates to a warning apparatus for a
vehicle such as an automobile which can warn the oper-
ator of the vehicle when there is the possibility of a
collision with an obstacle located in front of the vehicle.
More particularly, it relates to a warning apparatus
which varies the conditions which must be satisfied for
a warning to be generated in accordance with the physi-
cal or mental state of the driver, the driving characteris-
tics or the driver, environmental conditions, or other
factors.

Various collision warning devices for passenger vehi-
cles have been proposed in the past. In these devices,
some form of radiation, such as a laser beam or radar, is
used to determine the separation between a vehicle in
which the warning device is installed and an obstacle
located in front of the vehicle, such as another vehicle
or a pedestrian. Based on the speed of the vehicle and
the rate of change of the distance between the vehicle
and the obstacle, the warning device determines when
there s danger of a collision between the vehicle and
the obstacle and generates a warning to alert the driver
to take evasive action.

In a conventional warning device, a warning is gener-
ated whenever prescribed conditions are satisfied.
However, the reaction time of the driver of a vehicle
and the ability of the vehicle to stop in order to avoid an
accident vary greatly in accordance with the circum-
stances. For example, when the driver is tired, he takes
longer to react to a warning than when he is alert. Simi-
larly, 1t takes much longer for a vehicle to stop on a wet
road surface than on a dry one. If the conditions to be
satisfied in order for the warning to be generated are
chosen conservattvely so as to allow the driver ample
time to stop the vehicle even when the driver is tired or
when the road conditions are bad, the warning will be
generated even 1n situations when unnecessary and will
become an annoyance to the driver. On the other hand,
if the conditions to be satisfied are chosen with a smaller
margin of safety so that the warning will be generated in
fewer situations, there may be situations in which the
warmng does not leave the driver sufficient time to
safely stop the vehicle and avoid an accident.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention
to provide a warning apparatus for a vehicle which can
adapt to changes in the physical or mental state of the
driver of the vehicle.

It 1s yet another object of the present invention to
provide a warning apparatus which can adapt to
changes in the environment in which the vehicle is
travelling.

A warning apparatus for a vehicle according to the
present invention generates a warning for a driver of the
vehicle when the separation between the vehicle and an
obstacle in front of the vehicle falls below a predeter-
mined value. The predetermined value is varied in ac-
cordance with changes in a condition which affects the
ability of the vehicle to stop.

In one form of the present invention, the predeter-
mined value for the vehicle separation is varied in ac-
cordance with changes in the physical or mental state of
the driver. For example, the predetermined value can
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be increased when it is determined that the driver is
tired or napping or looking away from the road.

In another form of the present invention, the prede-
termined value for the vehicle separation is varied in
accordance with changes in an environmental condition
of the environment in which the vehicle is traveling.
For example, the predetermined value can be increased
when the environmental conditions are such as to in-
crease the stopping distance of the vehicle or the reac-
tion time of the driver.

In yet another form of the present invention, the
predetermined value for the vehicle separation is varied
In accordance with changes in the driving characteris-
tics of the driver. For example, when the driving char-
acteristics indicate that the driver is tired, the predeter-
mined value for the vehicle separation can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an embodiment of a
warning apparatus according to the present invention.

FIG. 2 1s flow chart illustrating the operation of the
embodiment of FIG. 1.

FIG. 3 is a block diagram of another embodiment of
a warning apparatus according to the present invention.

FIG. 4 1s flow chart illustrating the operation of the
embodiment of FIG. 3.

FIG. 5 1s a block diagram of still another embodiment
of a warning apparatus according to the present inven-
tion.

F1GS. 6 and 7 are flow charts illustrating the opera-
tion of the embodiment of FIG. 5.

DESCRIPTION OF PREFERRED
EMBODIMENTS

A number of preferred embodiments of a warning
apparatus for a vehicle according to the present inven-
tion will be described while referring to the accompa-
nying drawings. In these embodiments, the present
Invention is applied to a vehicle in the form of an auto-
mobile, but 1t could be applied to a different type of
vehicle, such as a motorcycle.

FIG. 1 schematically illustrates a first embodiment of
a warning apparatus installed on a first vehicle 1 in the
form of an automobile travelling in the direction of the
arrow at a velocity V. On the road ahead of the first
vehicle 1 is an obstacle in the form of a second vehicle
20 travelling at a speed V gin the same direction as the
first vehicle 1. However, the obstacle need not be mov-
ing, and 1t can be an object other than a vehicle, such as
a pedestrian or an animal crossing the road. Although
the first vehicle 1 is illustrated as being larger than the
second vehicle 20, this is merely for ease of illustration,
and the relative sizes of the first and second vehicles is
not important.

'The warning apparatus includes an obstacle sensor 2,
which can be any device capable of sensing the separa-
tion between the first vehicle 1 and the second vehicle
20. For example, it can be a device which generates a
beam of radiation, such as a beam of light waves, radar,
radio waves, or ultrasonic waves, reflected off the sec-
ond vehicle 20 and returned to the obstacle sensor 2.
Alternatively, it can be an imaging device which forms
an mnage of the second vehicle 20 and measures the
separation based on the image. The obstacle sensor 2
generates an output signal indicating the measured sepa-
ration from the second vehicle 20 and provides the

output signal to a controller in the form of a computer
10.
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Examples of methods that can be used by the obstacle
sensor 2 to measure the separation from the second
vehicle 20 include triangulation and stereo processing

of a plurality of video images. Based on the time rate of

change of the separation, the relative speed of the first
and second vehicles as well as the speed of the second
vehicle 20 can be determined.

The obstacle sensor 2 could also be a device which
receives information transmitted from a sensor mounted
on or along the road and which calculates the separa-
tion between the vehicles and their relative speed based
on the transmitted information.

A vehicle condition sensor 3 senses one or more oper-
ating conditions of the first vehicle 1, such as the vehi-
cle speed, the engine rotational speed, the engine
torque, the vehicle acceleration, the steering angle of
the steering wheel, or the yaw rate of the speed change
ratio. Sensors for sensing such parameters are well
known to those skilled in the art, and one or more such
conventional sensors can be employed as the vehicle
condition sensor 3. An output signal indicating the con-
dition or conditions detected by the vehicle condition
sensor 3 1s input to the computer 10 by the vehicle
condition sensor 3.

A driver condition sensor 4 senses one or more condi-
tions indicative of the physical or mental state of the
driver of the first vehicle 1 and generates a correspond-
ing output signal which is input to the computer 10. The
driver condition sensor 4 can be a device which senses
when the driver is tired, napping, or looking away from
the road, or it can sense any other condition in which
the driver’s reaction time is expected to be impaired.
These conditions can be sensed either directly or indi-
rectly. For example, when the driver is manipulating
one of the accessories of the vehicle such as the air
conditioner, the radio, the cigarette lighter, or a car
telephone, it can be inferred that the driver is looking
away from the road and therefore requires a longer time
to react to a warning.

Based on the input signals from sensors 2-4, the com-
puter 10 determines when a dangerous condition exists,
1.e., a conditton when the separation between the first
and second vehicles is too small given the present
speeds of the two vehicles, and in response it controls an
alarm S to generate a warning. Any type of warning
device can be used as the alarm 5, such as a buzzer, a
chime, a computer-generated voice, or a flashing light.
The alarm 5 warns the driver of the first vehicle 1 to
slow down or take evasive action so as not to collide
with the second vehicle 20.

F1G. 2 illustrates an example of a routine performed
by the computer 10 to control the operation of the
embodiment illustrated in FIG. 1. In Step S1, the com-
puter 10 reads in data from each of sensors 2-4. In Step
S2, the computer 10 determines whether the relative
speed V ~V of the first and second vehicles is greater
than O, wherein V gis the speed of the second vehicle 20
and Vo 1s the speed of the first vehicle 1. The relative
speed can be calculated by the computer 10 based on
the time rate of change of the vehicle separation R
determined by the obstacle sensor 2. If the relative
speed 1s positive, i.e., if the separation between the two
vehicles is increasing, then in Step S3, it is determined
whether the vehicle separation R is greater than kV,
wherein k 1s a coefficient determined by the computer
10. k can be a constant, or it can varied by the computer
10 as described below. If the separation R is less than or
equal to kVy, then in Step S4, the computer 10 controls
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the alarm 5 to generate a first warning to caution the
driver.

In Step S2, if the relative speed is negative, it means
that the first vehicle 1 is growing closer to the second
vehicle 20, so in Step S5, the computer 10 calculates the
minimum required vehicle separation Rr required for
the first vehicle 1 to decelerate from its present speed of
Vo to the same speed V ras the second vehicle 20 with-
out colliding with the second vehicle 20 upon the driver
of the first vehicle 1 being given a warning by the alarm
S to slow down. Rrcan be calculated from the formula

- (Yo — VP? (1)

RF=—7313]

+ (Vo — VR 1o

whereln tgis the reaction time of the driver, i.e., the time
between when the warning is generated by the alarm 5
and when the driver actually depresses the brake pedal,
and o 1s the assumed rate of deceleration of the first
vehicle 1 when the driver depresses the brake pedal.
In Step S6, the computer 10 determines whether the
actual separation R between the first and second vehi-
cles 1s greater than Rr+ Ry, wherein Ry is a predeter-
mined safety factor, such as the value kVg used in Step

~83. If the vehicle separation R is less than or equal to

this sum, then in Step S7 it is determined whether the
vehicle separation R is less than Rz If R is greater than
or equal to R 5, then the driver can safely slow down the
first vehicle 1 with a normal deceleration a, so in Step
S4, the alarm § is driven to generate the first warning.
However, in Step S7, if the vehicle separation R is
smaller than Rp, then a dangerous situation exists, be-
cause 1f the second vehicle 20 continues at its present
speed, braking of the first vehicle at the normal deceler-
ation a can not avert a collision. Therefore, in Step S8,
the alarm S is driven to generate a second warning
which alerts the driver to take immediate evasive ac-
tion, such as stepping more firmly on the brakes or
turning the steering wheel to avoid the second vehicle
20.

In Step S3, if the vehicle separation R is larger than
kVo, or in Step S6, if the vehicle separation is larger
than Rr+ R, there is no immediate danger of a colli-
sion, sO a warning is not generated and the routine is
ended.

When the driver of the vehicle is tired or napping or
looking away from the road, his reaction time will gen-
erally be slower than when he is alert and concentrating
on the road. Thus, for safety reasons, it is desirable to
maintain a larger separation between the first and sec-
ond vehicles when the driver’s reaction time is im-
paired.

Therefore, in the present embodiment, the value of
the vehicle separation R at which the first and second
warnings are generated is varied by the computer 10 in
accordance with the condition of the driver as indicated
by the driver condition sensor 4. For example, when it
ts sensed that the driver is tired or sleepy or looking
away from the road, the computer 10 can increase one
or more of the varnables Ry, k, or tg. Increasing any of
these variables will increase the value of the separation
R at which a warning is generated and thereby ensure
that the driver has sufficient time after generation of a
warning to brake the first vehicle 1 without colliding
with the second vehicle 2.
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F1G. 3 illustrates another embodiment of the present
mvention installed on a first vehicle 1. The overall
structure of this embodiment is similar to that of the
previous embodiment, and elements 2-5 can have the
same structure as described with respect to FIG. 1. This
embodiment further includes an environment sensor 6
which senses one or more conditions of the environ-
ment 1in which the first vehicle 1 is travelling and gener-
ates a corresponding output signal, which is provided to
the computer 10. Preferably, the environment sensor 6
detects an environmental condition which affects the
distance required for the driver to stop the first vehicle
1, such as the presence of rain or wind, or it can detect
an environmental condition which affects the driver’s
reaction speed, such as fog. These conditions can be
detected either directly or indirectly. For example, in
order to directly sense rain, a rain or fog sensor could be
installed on the road, and the environment sensor 6
could be a device which receives signals transmitted by
the rain or fog sensor. Alternatively, the occurrence o
rain or fog could be indirectly sensed by detecting when
the driver of the first vehicle 1 turns on windshield
wipers or fog lamps.

The computer 10 receives the signals generated by
sensors 2-4 and 6 and determines when a dangerous
condition exists, upon which it drives the alarm 5 to
generate a warning.

The operation of the embodiment of FIG. 3 will be
described while referring to FIG. 4, which is a flow
chart of a routine which can be performed by the com-
puter 10 to control this embodiment. In Step S11, the
computer 10 reads in data from each of sensors 2-4 and
6. In Step S12, the computer 10 determines whether the
relative speed V =~V of the first and second vehicles is
greater than 0. If the relative speed is greater than zero,
then 1n Step S13, it is determined whether the vehicle
separation R is greater than kVy. If the separation R is
less than or equal to kVy, then in Step S14, the computer
10 drives the alarm S and a first warning is generated to
caution the driver.

in Step S12, if the relative speed is negative, it means
that the first vehicle 1 is growing closer to the second
vehicle 20, so in Step S15, the computer 10 calculates by
means of Equation (1) the minimum required vehicle
separation Rz for the driver to decelerate from the
current speed Vo to the speed VFof the second vehicle
20 without colliding with the second vehicle 20 assum-
ing a rate of deceleration « produced by braking.

In Step S16, the computer 10 determines whether the
actual separation R between the first and second vehi-
cles 1s greater than R+ Ro. If the vehicle separation R
1s less than or equal to this sum, then in Step S17 it is
determined whether the vehicle separation R is less
than R If R is greater than or equal to Ry, then the
driver can safely slow down the first vehicle 1 with a
normal deceleration a, so in Step S14, the alarm 5 is
driven to generate the first warning. However, if the
driver did not respond to the first warning and in Step
S17 the vehicle separation R is smaller than Rg, then a
dangerous situation exists, so in Step S18, the alarm 5 is
driven to generate a second warning which alerts the
driver to take immediate evasive action, such as step-
ping more firmly on the brakes or turning the steering
wheel to avoid the second vehicle 20.

In Step S13, if the vehicle separation R is larger than
kVo, or in Step S16, if the vehicle separation is larger
than Rr+Ro, there is no immediate danger of a colli-
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sion, SO a warning is not generated and the routine is
ended.

As 1in the preceding embodiment, the value of one or
more of Rg, k, and tg can be varied in accordance with
the physical or mental state of the driver as sensed by
the driver condition sensor 4 so that the first and second
warnings are generated earlier, 1.e., at a large vehicle
separation R when the driver is fatigued or looking
away from the road.

Furthermore, the first and second warnings are gen-
erated earlier when the environmental conditions are
such as to increase the stopping distance of the first
vehicle 1 or decrease the reaction time of the driver.
For example, when the road on which the first vehicle
11s travelling is wet, the rate of deceleration of the first
vehicle 1 upon the driver’s activating the brakes will be
lower than on a dry road surface. In order to compen-
sate for this, the computer 10 can vary the value of « in
Equation (1) so as to increase when the environment
sensor 6 detects strong rain. By decreasing «, the value
of Rrwill be increased, so the warnings will be gener-
ated earlier. Alternatively, one or more of Ry, k, and tp
can be adjusted in accordance with the environmental
condition sensor by the environment sensor 6. For ex-
ample, Ro, k, or to can be increased when the environ-
ment sensor 6 detects rain.

Thus, m this embodiment, the conditions for genera-
tion of a warning by the alarm 6 are varied in accor-
dance with both the physical or mental state of the
driver and environmental conditions, so the safety of
the first vehicle 1 can be greatly increased.

Although this embodiment employs both a driver
condition sensor 4 and an environment sensor 6, it is
possible for a warning apparatus according to the pres-
ent invention to be equipped with only the environment
sensor 6 without the driver condition sensor 4, and for
the conditions for generating a warning to be varied in
accordance with the environmental conditions.

FIG. 5 illustrate yet another embodiment of the pres-
ent invention installed on a first vehicle 1. The structure
of this embodiment is similar to that of the embodiment
of FIG. 3, but it further includes an operating amount
sensor 7 and a learning device 8.

The operating amount sensor 7 senses one or more
parameters related to the operation of equipment ma-
nipulated by the driver as he drives the first vehicle 1,
and 1t generates a corresponding output signal which is
provided to the computer 10. A few examples of the
operating amount sensor 7 are a sensor for sensing the
speed of depression of the accelerator pedal, a sensor
for sensing the force applied by the driver to the brake
pedal, or a sensor which senses the steering angle of the
steering wheel of the first vehicle 1.

The learning device 8 receives the output signals
from the vehicle condition sensor 3 and the operating
amount sensor 7 and performs statistical processing to
numerically evaluate the driving characteristics of the
driver based on sensed operating characteristics such as
the speed and force with which the driver operates the
brakes, the accelerator pedal, or the steering wheel and
the speed with which he accelerates and decelerates the
vehicle.

In general, driving characteristics vary in accordance
with the physical and mental state of the driver. When
the driver is rested and alert, his reactions are fast, so
the speed or depression of the acceleration pedal is fast,
the depression of the brake pedal is strong, the rate of
deceleration 1s fast, and as a whole the motions of the
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vehicle tend to be comparatively rough or violent. Con-
versely, when the driver is fatigued, the depression of
the acceleration pedal is slow, the depression of the
brake pedal is weak, and the rate of deceleration is
slower, so the motions of the vehicle tend to be
smoother than when the driver is rested. Therefore, the
learning device 8 determines from the manner of opera-
tion of the first vehicle 1 when the driver is alert and
when the dniver 1s tired. When the learning device 8
determines that the driver is alert, the computer 10
delays the generation of the warnings by the alarm 5,
1.e., decreases the vehicle separation R at which a warn-
ing 1S generated towards some predetermined limit so as
to reflect the fast reaction time of the driver in his cur-
rent condition. When the learning device 8 determines
that the driver 1s fatigued, the computer 10 causes the
warnings to be generated earlier by the alarm 5, i.e., at
a larger value of R to compensate for the delayed reac-
tion time of the driver caused by his fatigue.

The operation of the embodiment of FIG. 5 will be
described while referring to FIGS. 6 and 7, which are
flow charts of a routine which can be performed by the
computer 10 to control this embodiment. In Step S21,
the computer 10 reads in data from each of sensors 2-4
and 6-8. In Step S22, the computer 10 determines
whether the current operating conditions of the first
vehicle 1 are suitable for performing learning. For ex-
ample, suitable conditions can be when a predetermined
length of time has passed since the first vehicle 1 has
started or when a predetermined vehicle speed has been
reached. If suitable conditions for learning have not
been established, then in Step S23, the present operating
conditions are compared with either conditions which
were set at an mitial stage (if this is the first pass through
the routine) or with operating conditions learned by the
learning device 8 (if this is the second or higher pass
through the routine). Based on this comparison, the
values of k, Rg, and tg are set in Step S24.

In Step 22, if it is determined that conditions for per-
forming learning have been established, then in Step
S25, the learning device 8 performs statistical evalua-
tion of the data from the vehicle condition sensor 3 and
the operating amount sensor 7 and determines the driv-
ing characteristics of the driver of the first vehicle 1. In
Step S26, the characteristics determined in Step S25 are
stored 1 an unillustrated memory. In Step S24, based
on the driving characteristics determined by the learn-
ing device 8, the values of k, Rg, and tg are adjusted.

In Step S27, the computer 10 determines whether the
relative speed V/~Vg of the first and second vehicles is
greater than 0. If the relative speed is greater than zero,
then in Step S28, it is determined whether the vehicle
separation R 1s greater than kVy. If the separation R is
less than or equal to kVy, then in Step S29, the computer
10 drives the alarm 5 and a first warning is generated to
caution the driver.

In Step S27, if the relative speed is less than or equal
to zero, m Step S30, the computer 10 calculates by
means of Equation (1) the minimum required separation
R for the driver to decelerate from the current speed
Vo to the speed V£ of the second vehicle 20 without
colhiding with the second vehicle 20 assuming a rate of
deceleration a.

In Step S31, the computer 10 determines whether the
actual separation R between the first and second vehi-
cles 1s greater than R g+ Rg. If the vehicle separation R
1s less than or equal to this sum, then in Step S32 it is
determined whether the vehicle separation R is less
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than Rg If R is greater than or equal to Rp, then the
driver can safely slow down the first vehicle 1 with a
normal deceleration a, so in Step S29, the alarm 5 is
driven to generate the first warning. However, if the
driver of the first vehicle 1 did not react to the first
warning and the vehicle separation R is found to be
smaller than Rrin Step S32, then a dangerous situation
exists, so in Step S33, the alarm 5 is driven to generate
a second warning which alerts the driver to take imme-
diate evasive action, such as stepping more firmly on
the brakes or turning the steering wheel to avoid the
second vehicle 20.

In Step S28, if the vehicle separation R is larger than
kVy, or in Step S31, if the vehicle separation is larger
than Rf4-Ro, there is no immediate danger of a colli-
sion, SO a warning is not generated and the routine is
ended.

As 1 the previous embodiment, the values of one or
more of Rg, k, and tg are varied in accordance with the
physical or mental state of the driver as sensed by the
driver condition sensor 4 and the environmental condi-
tion sensed by the environment sensor 6 so that the
conditions which must be met for a warning to be gen-
erated, 1.e., the vehicle separation R at which a warning
1s generated are set so that the driver will always have
enough time to react to a warning generated by the
alarm 5 to prevent a collision.

In the embodiment of FIG. 5, the computer 10 adjusts
the conditions for generating a warning based on input
signals from the driver condition sensor 4, the environ-
ment sensor 6, and the learning device 8. However, it is
also possible for the computer 10 to adjust the condi-
tions for generating a warning based only on input sig-
nals from the learning device 8, or based on input sig-
nals from the learning device 8 and only one of the
driver condition sensor 4 and the environment sensor 6.
Therefore, it is possible to omit one or both of sensors 4
and 6. ,

In the present invention, because the conditions for
generating a warning are varied in accordance with
changes in sensed conditions of the driver or the envi-
ronment, the timing of the warnings will be suitable for
the existing circumstances at any given time. Therefore,
the driver of a vehicle equipped with the present inven-
tion will not be annoyed by unnecessary generation of
warnings, and the vehicle can be made both safe and
pleasant to drive.

What is claimed is: |

1. A warning apparatus for a vehicle, comprising:

obstacle sensing means for measuring a separation

distance between a vehicle and an obstacle located
in front of the vehicle:

driver condition sensing means for sensing whether

the driver 1s manipulating an accessory of the vehi-
cle;

an alarm; and

a controller connected to said obstacle sensing means,

said driver condition sensing means, and said
alarm, comprising setting means for setting a dis-
tance value for safe vehicle separation, said setting
means responsive to the driver condition sensing
means to reduce said threshold distance wvalue
whenever an accessory is being manipulated, and
warning generating means for controlling the
alarm to generate a warning for the driver when
the separation distance sensed by the obstacle sens-
Ing means is below said threshold distance value.
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2. A warning apparatus as claimed in claim 1, wherein
~ the driver condition sensing means comprises means for
sensing when the driver is manipulating an accessory of
the vehicle, and the setting means increases said dis-
tance value for safe vehicle separation when the driver
condition sensing means senses that the driver is manip-
ulating said accessory.

3. A warning apparatus as claimed in claim 1, further
comprising weather condition sensing means connected
to said controller for sensing a weather condition of a
vehicle environment, wherein the setting means com-
prises means for varying said distance value for safe
vehicle separation in accordance with changes in the
sensed weather condition.

4. A warning apparatus as claimed in claim 3, wherein
the weather condition sensing means comprises means
for sensing rain.

d. A warning apparatus as claimed in claim 1, further
comprising means for determining a driving perfor-
mance characteristic of the driver connected to said
controllier, wherein the setting means varies said dis-
tance value for safe vehicle separation in accordance
with the determined driving performance characteris-
tic.

6. A warning apparatus as claimed in claim 1, includ-
Ing speed sensing means connected to said controller for
sensing the speed of the vehicle V,, wherein:

the controller includes means for sensing a relative

speed (V,~Vr) of the vehicle and the obstacle
based on a separation distance sensed by said obsta-
cle sensing means, wherein Vgis the speed of the
obstacle;

the setting means sets the distance value for safe vehi-

cle separation to kV,, wherein k is a value which is
varied by the setting means in accordance with
changes in the sensed physical or mental state of
the driver; and

the warning generating means controls the alarm to

generate a warning when the relative speed is de-

creasing and the vehicle separation distance is less
than kV,,.
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7. A warning apparatus as claimed in claim 1,
wherein:

the controller includes means for sensing the relative
speed (V,—VEg) of the vehicle and the obstacle
based on the separation distance sensed by said
obstacle sensing means, wherein V,1s the speed of
the vehicle and V £is the speed of the obstacle; and

the setting means sets the distance value for safe vehi-
cle separation to

2
L%T{?Ffl“'i'(pfa“ VF) 1o + Rg
and varies the value of at least one of t,and R, in accor-
dance with changes in the sensed physical or mental
state of the driver, wherein t, is an assumed reaction
time of the driver, R, is a safety factor, and « is an
assumed deceleration of the vehicle produced by brak-
ing.

8. A warning apparatus for a vehicle, comprising:

obstacle sensing means for measuring a separation
distance between a vehicle and an obstacle;

driving performance determining means for deter-
mining when the driver is manipulating an acces-
sory of the vehicle;

weather condition sensing means for sensing a
weather condition of a vehicle environment:

an alarm; and

a controller connected to said obstacle sensing means,
said driving performance determining means, said
weather condition sensing means, and said alarm,
comprising setting means for setting a distance
value for safe vehicle separation and varying said
distance value 1n response to said driving perfor-
mance determining means and said weather condi-
tion sensing means, and warning generating means
for controlling the alarm to generate a warning for
the driver when a separation distance sensed by the
obstacle sensing means is below said distance value

for safe vehicle separation.
= S * = e
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